The structure of polycrystalline strontium barium niobate at room temperature was refined by the Rietveld method. Sintered ceramic samples were used to collect powder neutron and X-ray diffraction data. The ratio Sr/Ba ≈ 64/36 was found from the initial batch composition Sr0.61Ba0.39Nb2O6, corroborating with the quantitative X-ray dispersive spectroscopy (EDS) measurements. The structure is tetragonal with cell parameters a, b = 12.4504(3) Å and c = 3.9325(1) Å and space group P4bm. It was not necessary to introduce any positional disorder for the oxygen atoms. Cation Nb +5 displacements not parallel to the c direction are presented, which can influence the behavior of the ferroelectric properties.
Introduction
Ferroelectric compounds with tungsten bronze structure have the general chemical formula (A1,A2)(B1,B2)O6, where the A sites are usually filled by divalent metals and the B sites, by Nb +5 or Ta +5 atoms. This structure consists of an arrangement of corner sharing BO6 octahedrons forming three interstitial sites. The primitive unit cell contains five molecules and six sites that can be occupied by the A atoms 1 . SrxBa1-xNb2O6 (SBN) ceramics for 0.25 ≤ x ≤ 0.75 form solid solutions that crystallize with the tungsten bronze structure 2 . These materials can show high pyroelectric coefficients, strong electro-optic effects and photorefractive behavior 2, 3 . Previous works 4, 5 have shown that the basic features of SBN dielectric behavior are: (a) a strong dielectric dispersion in the radio frequency region around and below the temperature of maximum dielectric constant (Tm), which does not obey the Debye theory; (b) a broadening of the peak of the dielectric constant as a function of temperature; (c) a Tm shift towards high temperatures with a frequency increase; and (d) strong frequency dependence of the dielectric absorption curves, i.e., the dielectric absorption increases with increasing frequency. These characteristics are typical of SBN materials with high concentrations of strontium (Sr/Ba > 1), as it can be seen in the Fig. 1 . However, reported SBN dielectric parameters, such as Tm, show large differences from one study to another, especially between ceramic and single crystals samples of the same composition [6] [7] [8] . Generally, the properties of this kind of displacive ferroelectric material can be correlated to the distortion and the relative orientation of the oxygen octahedron and to the shift of some of the atoms from their high temperature symmetry positions 6 . Moreover, they are very sensitive to the stoichiometric ratios. Because of this, a precise struc-ture determination of these materials is required to understand some of their fundamental properties.
Jamieson et al. 1 first determined the crystalline structure of Sr0.76Ba0.24Nb2O5.78. Using X-ray single crystal data, these authors have shown the relationship between structure and some ferroelectric properties. Later the structures of Sr0.72Ba0.28Nb2O6, Sr0.6Ba0.4Nb2O6 and Sr0.5Ba0.5Nb2O6 were refined by Trubelja et al. 7 and of Sr0.61Ba0.39Nb2O6 doped with Ce by Chernaya et al. 8 , using X-ray data from powdered and sphere shaped single crystals, respectively, assuming the same crystal structure. Although many of the SBN ferroelectric and dielectric properties have been analyzed in ceramic samples, there is no report on structural studies of its polycrystalline form.
In this work the structure of SBN ceramic was determined from sintered polycrystalline samples, combining X-ray and neutron diffraction powder data, allowing a good refinement of the positional and vibrational parameters of the heavy metals and oxygen atoms.
Experimental

Sample preparation
The SBN ceramics with nominal composition Sr0.61Ba0.39Nb2O6 were prepared by the conventional mixed oxides method as described elsewhere 9 . The precursors (Ba(NO3)2, Nb2O5 and SrCO3) were ball mill/mixer using ZrO2 balls and isopropyl alcohol. The mixture was calcined in air at 1200 °C for 3 h and ball milled again for 10 h. Discs with 15 mm in diameter were prepared by uniaxial and isostactic cold pressing and fired for 3 h at 1350°C and then crushed for the measurements. Scanning electronic microscopy (SEM) on the ceramic bodies, using a Philips FEG XL microscope equipped with quantitative X-rays dispersive spectroscopy (EDS), showed a Sr/Ba ratio = 1.71-1.78 which deviates from the batch ratio (1.56). It was found that Nb2O5-rich and Ba-deficient liquid phases could be formed at the initial sintering stage of SBN ceramics 10 . These authors reported that, during a conventional sintering procedure, the grains rapidly absorb the phase, contributing to the abnormal grain growth behavior of the SBN-like materials. In our case, it can be believed that the diffusion of such phase into the grains generated a continuous distribution of Ba/Sr ratios from the boundary (where the composition would be more Ba-deficient) to the grain core (where the Ba/Sr would reach the batch ratio). This fact could explain the EDS data, which can be interpreted as a result of an average of this grain Ba/Sr ratio distribution.
Conventional X-ray powder diffraction
X-ray powder diffraction data were collected with CuKα radiation on a rotating anode Rigaku Denki powder automatic diffractometer. The data were collected in the 2θ = 20°-60° and 60°-120° ranges with counting times of 5 and 10 s, respectively, in order to increase the collected intensities, which are much smaller in the second range. For both ranges, the step was 0.02°.
Neutron powder diffraction
The data were collected at the position sensitive detector diffractometer of the Missouri University of Research Reactor (MURR), USA. About 1 g of sample was contained in a 3 mm diameter vanadium thin walled sample holder. The wavelength used was 1.4875 Å and the data was acquired in five 2θ spans, from 5° to 105° range, in approximately 36 h of measurement.
Results and Discussions
The structure of the polycrystalline SBN was refined by the Rietveld Method using the programs GSAS 11 and DBWS 12 .
With GSAS the refinement was performed combining the X-ray and the neutron powder diffraction data. The structural parameters related to the heavy atoms could be well refined with preliminary X-ray diffraction data and the neutron diffraction data allowed better determination of the positional and vibrational parameters of the oxygen atoms. Simultaneous use of both data resulted in the best structural model. The effective barium and strontium concentrations were 0.636 and 0.364, resulting in a Ba/Sr ≈1.75, in agreement with the results found by EDS analysis. The best fitting was achieved for the neutron data, with Rp = 4.69% and Rwp = 5.95% and the total residuals were Rp = 7.95% and Rwp = 9.66%. Figure 2 shows the fitting of the three powder patterns and the details of the Rietveld refinement are presented in Table 1 . The obtained structural parameters and the thermal parameters for the SBN are summarized in Tables 2 and 3 , respectively. Sr atoms are located in the A1 (2a) sites and in part of the A2 (4c) sites. Their site occupation factors were refined with constraints in order to maintain the compound stoichiometry. Ba atoms are located only in the A2 (4c) sites and Nb atoms are occupying the B1 (2b) and B2 (8d) sites. Selected interatomic distances and angles are listed in Table 4 , in which other reported values are included for comparison.
Jamieson et al. 1 reported a O5 positional disorder in the results for the SBN single crystal samples of composition Sr0.76Ba0.24Nb2O5.78. For the structural refinement of powdered (crushed) SBN-based single crystals, Chernaya et al. 8 and Trubelja et al. 7 considered such positional disorder for both O4 and O5 atoms. In this work, the values of the final anisotropic temperature coefficients (Table 1) , obtained from the refinement of X-ray and neutron data, do not present anomalies that could suggest the need for assuming a positional disorder site occupancy for O4 and O5 in the structure of the sintered powder. Figure 3 shows the octahedral representation obtained with the program ATOMS for Windows 13 using the refined atomic coordinates. Further representations of details of the structure are presented to better illustrate the mechanism of formation of the ferroelectric dipoles. The displacement of Nb cations from the planes formed by oxygen is shown in Fig. 4 . Parallel to the c direction displacement occurs only for the Nb1 atoms, as shown in Fig. 5a . In the case of Nb2, there are components in a and b directions, as shown in Fig.  5b . From the distance and angle calculations, a quantitative measurement of these displacements was obtained. Nb1 atoms are 0.12 Å displaced from the middle of the distance O4-O4 bond in the c direction. The displacement of Nb1 atoms from the center of the octahedra is 0.14 Å. Nb2 atoms are 0.05 Å displaced from the middle of the distance O5-O5 bond, which yields an angle of 3.8° with the c direction (see Table 2 ). This small inclination can be observed in the disposition of the Nb2-O5 bonds shown in Fig. 5b , where it is remarkable that the Nb1 centered octahedra do not present them, as a consequence of the position of O4. The displacement of Nb2 atoms from the center of the octahedra is 0.17 Å.
Vol 
Conclusions
Previous structural works about this compound were performed using single crystalline samples or polycrystalline materials obtained by grinding single crystals 1, 7, 8 , but this is the first time that structural analysis is performed using sintered ceramic material. The sintered compound presents the crystalline tungsten bronze structure with space group P4bm and the structure could be well described without including disorder in oxygen positions. The Nb1 centered octahedra exhibit orthorhombic point group mm2 symmetry (distorted tetragonal). These octahedra correspond to only two of the ten that are contained in the unit cell. As a consequence, their influence in the resultant direction of the ferroelectric properties should be smaller than that of the Nb2 centered octahedra. The general position of the Nb2 atoms produces a triclinic point group symmetry (orthorhombic distorted), which permits a distorted orthorhombic symmetry for their octahedra and a cation displacement that is non-parallel to c direction. This fact could cause a ferroelectric contribution at a direction non-parallel to the c direction. Nevertheless, for an unpoled material, the resultant of these contributions (non-parallel to c) is zero because of the tetragonal crystal symmetry. 
